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INTRODUCTION 

It has been suggested that a3p 1 and a6P4 integrins, receptors for extracellular matrix laminin 
synergize with oncogenic ErbB receptor kinases to drive mammary tumor malignancy and drug 
resistance (Guo et al., 2006). Given the strong physical link of these receptors with CD151, a 30 kDa 
cell surface protein and member of the tetraspanin family (Hemler, 2005), we proposed to study if 
CD15 1 is a viable target for human breast cancer treatment. We focused particularly on those tumor 
cells overexpressing EGFR and ErbB2, two oncogenic members of ErbB receptor family. We 
hypothesized that CD15 1 acts in concert with EGFR or ErbB2 to affect tunior cell sensitivity to 
currently available biological therapeutic agents, including clinically used kinase irhibitors. Using 
cultured breast cancer cell lines and xenograft animal models we performed extensive analyses to 
examine CD15 1 effects on mammary tumor cell morphology, malignancy, proliferation and signaling. 
We also determined the extent to which CD 15 1, together with its laminin-binding integrin partners, 
affected survival of tumor cells under a range of ErbB receptor inhibitor treatments. 

BODY 
Our experimental progress is presented according to specific objectives described in our original 

proposal. 

Objective I. Synergy between CD15 1 and ErbB receptors 
We have systematically performed a series of experiments to address if CD 15 1 has a role in 

EGFR-mediated and laminin-binding integrin-dependent mammary cell behaviors and tumor 
malignancy. In both normal (MCF-1 OA) and malignant (MDA-MB-23 1) mammary cell lines 
expressing a high level of EGFR, we successfully ablated CD15 1 by use of a Lentivirus vector 
containing CD15 1 -specific shRNA. Our subsequent functional analyses demonstrated that removal of 
CD15 1 protein markedly affected EGFR-mediated cellular adhesion, migration and invasion on 

I 

i laminin substrates via laminin receptors including a6p 1 and a6P4 integrins, but had minimal impact 
on tumor cell proliferation in vitro (See Fig 2 of Yang et al., Cancer Research, 2008). Also, EGFR 
activation failed to rescue cell adhesion and invasion defects, due to the absence of CD15 1 (See Fig 3 
of Yang et al., Cancer Research, 2008), further emphasizing that the EGFR is difficient in the absence 
of CD 15 1 on manlmary tumor cells. 

We also observed that in the absence of CD15 1 there was diminished activation of small 
GTPase Rac 1, FAK (Focal adhesion kinase) and SFK (src family kinases), which are all known to be 
effectors of integrins and EGFR-mediated pathways (See Fig 4 of Yang et al., Cancer Research, 

i 2008). Most importantly, mammary tumor formation on immuno-deficient mice was markedly 
delayed, when CD15 1 was removed from breast cancer cells ((See Fig 6 of Yang et al., Cancer 
Research, 2008). Thus, our experimental results strongly suggest that CD15 1 acts in synergy with 
EGFR and laminin-binding integrins during breast cancer progression and malignancy. 

Objective II. CD15 1 and tumor cell sensitivity to ErbB inhibitors 
i.) We carried out extensive studies to assess how CD15 1 expression affects breast tumor cell 

sensitivity to ErbB kinase inhibitors. We used multiple breast cancer cell lines with overexpressed or 
amplified ErbB2 receptor, including BT474 and SK-BR-3 cells. Again, more than 95% of endogenous 



CD15 1 on these cell lines was successfully removed by using a Lentivirus shRNA approach. Cells 
with or without CD15 1 knockdown were then subjected to treatment with two distinct kinase 
inhibitors at varying doses: Herceptin, a humanized monoclonal antibody against the extracellular 
domain of ErbB2; Lapatinib, a small molecule inhibitor of ErbB2 kinase activity. 

Our data indicated that ablating CD15 1 made two ErB2-positive breast cancer cell lines 
(BT474 and SKBr3) significantly more sensitive to killing by Herceptin drug treatment, while a non- 
sponsive ovarian cancer line was unaffected by CD15 1 knockdown. Because CD15 1 is tightly 
coupled with a3p 1 and a6P4 integrins, which are receptors for laminin-5 substrate, we suspected that 
laminin substrate might affect Herceptin killing. Our analyses indicated erbB2-positive cells showed a 
significant increase in resistance to Herceptin killing, when plated on laminin-5. By contrast, cells 
maintained on non-coated surfaces, or on surfaces coated with other matrices, were more sensitive to 
Herceptin. We next assessed whether the sensitizing effects of removing CD15 1 were influenced by 
plating cells on laminin-5 substrate. Indeed, laminin-engagement dramatically enhanced the 
sensitizing impact of CD15 1 removal on mammary tumor cell responses to Herceptin. Sensitivity to 
another ErbB2 inhibitor, laptininb, was similarly enhanced when CD 15 1 was knocked down. Similar 
findings were also obtained with additional ErbB2-positive tumor cell lines, including SK-BR-3. 
Furthermore, RNAi ablation of CD 15 1 -associated a 3  p 1 and a6P4 integrins, together or individually, 
also caused a marked enhancement of ErbB2-positive cell sensitivity to Herceptin. These results 
suggest that CD15 1 is acting together with its associated laminin-binding integrins to contribute to 
mammary tumor cell resistance to erbB2 inhibitors. 

In conclusion, CD151 and associated laminin-binding integrins may be valuable targets for 
enhancing mammary tumor cell sensitivity to clinically used ErbB2 inhibitors. This may be 
particularly true in human mammary glands, where laminin-5 is highly enriched. 

ii.) We also tried to use CD15 1 -specific antibodies as tools to probe the role of CD15 1 in 
human breast cancer cells. However, none of the available CD15 1-specific antibodies showed 

I 
blocking activities in our experiments. We are currently in the process of testing additional CD15 1 
antibodies for our functional analyses. We hope to obtain additional tools to further evaluate the 
potential for targeting CD15 1 on breast cancer cells. 

iii.) We have also begun to test whether CD15 1 disruption affects tumor cell sensitivity to 
ErbB inhibitors within xenograft animal models. However, definitive results have not yet been 
obtained. 

KEY RESEARCH ACCOMPLISHMENTS 
1. Our most significant achievement is to provide evidence for a strong functional link between 

CD15 1 protein and ErbB receptors, during cellular events such as cell adhesion, motility, invasion, 
and signaling in normal and malignant mammary epithelial cells. 

2. Another significant finding is that CD15 1 markedly affects tumor cell responses to two different 
clinically used kinase inhibitors, humanized monoclonal antibody (Herceptin) and small molecule 
(Lapatinib). CD 15 1 had the most pronounced impact on drug sensitivity when tumor cells were 
engaged with laminin, a physiologically relevant ECM substrate during human breast cancer. 



3. We also addressed the molecular mechanisms underlying CD15 1 effects in ErbB2-positive 
mammary tumor cells. Our data indicate that CD 15 1 most likely affects mammary tumor cell 
sensitivity through its partners, a 3  p 1 and a6P4 integrins. Thus, ablating CD15 1 may also directly 
disrupt the synergy between ErbB receptor and these laminin receptors in mammary cancer cells. 
Together, our data suggest that CD15 1 is an alternative target to its associated integrin partners for 
conquering human mammary tumor malignancy. 

REPORTABLE OUTCOMES 
1. A published paper is included in the appendix. Within that paper, figure 2-6 are highly relevant to 

the aims of this research project 
2. Results from this project will be published in the near future. 

CONCLUSIONS 

We have presented strong evidence that CD15 1 acts in synergy with ErbB receptors to promote 
mammary tumor adhesion, motility and invasion, thereby facilitating breast cancer progression 

Our analyses reveal that CD15 1, together with its associated integrin complexes, markedly affect 
mammary tumor cell sensitivities to ErbB2 inhibitors, suggesting that CD15 1 may be a viable target 
for enhancing current biological therapy-based treatment of human breast cancer. 
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A recently published paper on CD 15 1 is also included 



CD151 Accelerates Breast Cancer by Regulating lntegrin 
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Abstract 4-kinase and protein kinase C), and other proteins within 

CD151, a master regulator of laminin-binding integrins (aSP4, 
ad1, and a3al),  assembles these integrins into complexes 
called tetraspanin-enriched microdomains. CD151 protein 
expression is elevated in  31% of human breast cancers and 
is even more elevated in  high-grade (40%) and estrogen 
receptor-negative (45%) subtypes. The latter includes triple- 
negative (estrogen receptor, progesterone receptor, and HER2 
negative) basal-like tumors. CD151 ablation markedly reduced 
basal-like mammary cell migration, invasion, spreading, and 
signaling (through FAK, Racl, and  Ick) while disrupting 
epidermal growth factor receptor (EGFR)-a6 integrin collab- 
oration. Underlying these defects, CD151 ablation redistrib- 
uted ad., integrins subcellularly and severed molecular links 
between integrins and tetraspanin-enriched microdomains. 
In a prototypical basal-like mammary tumor line, CD151 
ablation notably delayed tumor progression in ectopic and 
orthotopic xenograft models. These results (a) establish that 
CD151-a6 integrin complexes play a functional role in basal- 
like mammary tumor progression; (b) emphasize that a, 
integrins function via CD151 linkage in the context of 
tetraspanin-enriched microdomains; and  ( c )  point to  poten- 
tial relevance of CD151 as a high-priority therapeutic target, 
with relative selectivity (compared with laminin-binding 
integrins) for pathologic rather than normal physiology. 
[Cancer Res 2008;68(9):3204-131 

Introduction 
CD151 (SFA-1, PETA-3), one of 33 proteins in the mammalian 

tetraspanin protein family (l), is widely expressed on the surface of 
many cell types, where it associates strongly with laminin-binding 
integrins (a3p1, a6P19 a6P4, and a7P1) and more weakly with a 
few additional integrins (2). Hence, CD151 is well positioned to 
modulate integrin-dependent cell spreading, migration, signaling, 
and adhesion strengthening (3-5). CD151 may function by linking 
laminin-binding integrins to other tetraspanins (e.g., CD9, 
CD81, CD82, and CD63), signaling molecules (phosphatidylinositol 

Note: XH. Yang and A.L. Richardson contributed equally to this work 
Supplementary data for this article are available at  Cancer Research Online (http:ll 

cancerres.aacrjournaIs.org/). 
Requests for reprints: Martin E. Hemler, Dana-Farber Cancer Institute, Room 

D1430, 44 B~nney Street. Boston, MA 02115. Phone: 617-632-3410; Fax: 617-632-2662; 
E-mail: Martin-Hemler@DFCI.Haward.EDU or Xiuwei Yang. Dana-Farber Cancer 
Institute, Room D1430, 44 Binney Street, Boston, MA 02115. Phone: 617-632-3280, 
Fax: 617-632-2662; E-mail: Xiuwei-Yang@DFCLHarvard.EDU. 

02008 American Association for Cancer Research. 
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tetraspanin-enriched microdomains (1, 6). 
CD151-associated integrins (a3P1. and play critical 

roles in kidney and skin development (7). CD151 itself may support 
kidney and skin development and other functions in humans (8). 
Mice lacking CD151 are viable and fertile, with no obvious 
developmental defects (9) or showing kidney defects (10). depend- 
ing on genetic background. Under pathologic conditions, CD151- 
null mice showed in vivo defects in wound healing (11) and 
angiogenesis (12). Ex vivo analyses of CD151-null cells and tissues 
revealed selected alterations in cell outgrowth, migration, aggre- 
gation, proliferation, morphology, and signaling (9, 12, 13). 

Whereas other tetraspanins suppress tumor cell invasion and 
metastasis (14). CD151 promotes tumor malignancy (15), and the 
CD151 gene is up-regulated in human keratinocytes during 
epithelial-mesenchymal transition (16). In addition, CD151 expres- 
sion correlated with poor prognosis, enhanced metastasis, or 
increased motility in several cancer types (e.g., ref. 17). Removal of 
CD151 by antisense, siRNA knockdown, or knockout may affect 
the phosphatidylinositol 3'-kinase (PI3K), Akt, and Racl pathways 
(12, 18). In addition, CD151 depletion may either increase (12, 19) 
or decrease (12, 20) cell motility, whereas effects on cell adhesion 
vary from minimal to substantial (12, 13, 20, 21), perhaps due to 
effects on integrin activation (21) and/or internalization (20). Thus, 
CD151 has diverse and unpredictable functions in different cellular 
environments. 

At present, little has been done about CD151 in breast cancer. 
The a6P4 integrin (after disconnection from hemidesmosome 
intermediate filaments) promotes mammary tumor cell motility 
and invasion by activating the PI3KIAkt pathway or small GTPase 
Racl/nuclear factor KB (22, 23). asp4 may also promote mammary 
tumorigenesis by amplifying signaling of ErbB family members (24). 
In human breast cancers, expression of integrin a6 and/or P4 is 
associated with the estrogen receptor-negative basal-like subtype, 
high tumor grade, and increased mortality (25-27). Given the 
CD151 association with laminin-binding integrins, we hypothesized 
that CD151 influences mammary tumor progression. Indeed, we 
found elevated CD151 in high-grade and estrogen receptor- 
negative tumors, including the "triple-negative" (estrogen receptor, 
progesterone receptor, and HER2 negative) basal-type human 
breast cancers. CD151 ablation yielded marked alterations in 
integrin-mediated cell invasion, migration, and/or spreading in 
mammary cell lines (MCF-1OA and MDA-MB-231) with basal-like 
gene expression patterns (28). We also gained new insights into 
CD151 effects on integrin signaling, distribution, and collaboration 
with epidermal growth factor receptor (EGFR). Supporting the 
relevance of these findings, CD151 ablation delayed human mam- 
mary tumor progression in mouse xenografl models. 

Cancer Res 2008; 68: (9). May 1, 2008 3204 www.aacrjournals.org 




















